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SynthesisAbstract In this study, the effort was to design and synthesize ﬁve new members of alkoxy substi-
tuted thiourea derivatives (3a–3e) featuring general formula of A-ArC(O)NHC(S)NHAr-D in
which A represents the methoxy group and D as –OCnH2n+1 (alkoxyl group, where n= 6,7,8,9,
and 10) have been successfully designed, prepared, characterized, and evaluated for anti-amoebic
activities. They were spectroscopically characterized by 1H and 13C Nuclear Magnetic Resonance
(NMR), Fourier Transform Infrared (FT-IR) spectroscopy, and Ultraviolet–visible (UV–vis) spec-
troscopy analysis. In turn, they were used to investigate the cytotoxicity effect on Acanthamoeba sp.
at their IC50 values and membrane permeability. Compounds 3a and 3b revealed to have good
activity towards Acanthamoeba sp. compared to other compounds of 3c, 3d, and 3e. The observa-
tion under ﬂuorescence microscopy by AOPI (Acridine-orange/Propidium iodide) staining indi-
cated that treated amoeba cells by 3a–3e show loss of their membrane permeability.
ª 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is
an open access article under the CCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Acanthamoeba sp. is a type of pathogenic protozoa which is
classiﬁed as harmless organisms of the genus belonging to
small free living amoeba occupies in most habitats in the envi-
ronment (Rocha-Azevedo et al., 2006). However, it has adrawback in the respect of health as the exposure can cause
sight-threatening and fatal infections due to the wear of con-
tact lens (Khan, 2003; Niyadurupola et al., 2006), whilst, con-
tact lens wear is the leading risk factor for Acanthamoeba
keratitis (AK) due to the adhesion of microbe to the surface
of the host tissues (Panjwani, 2010). Therefore, the ﬁght
against antiamoebic infections is one of the great successes in
pharmaceutical and medical ﬁeld. The demand for developing
antiamoebic agents has increased signiﬁcantly due to the
awareness of potential threats of diseases or infections by var-
ious types of amoeba (Dudley et al., 2005).
Introduction of thiourea to be used in pharmaceutical ﬁeld
has become an invaluable approach to develop materials with
antibacterial properties (Saeed et al., 2011; Faidallah et al.,
2011; Keche et al., 2012). Thiourea derivatives are very efﬁ-
cient towards biological application and possess highurnal of
2 W.M. Khairul et al.bactericidal action partially due to the presence of both car-
bonyl (C‚O) and thiocarbonyl (C‚S) groups (Saeed et al.,
2009). The specialty and uniqueness of thiourea compound is
believed due to the appearance of lone pair electrons in atoms
namely nitrogen, sulphur, and oxygen, and p-electron clouds
which are able to form bonding with other elements (Saad,
2014). In addition, thiourea derivatives are insoluble in water
but soluble in polar organic solvents. Therefore, the synthe-
sized thiourea alkoxy derivatives of 3a–3e may be more
hydrophobic than amoeba cell membrane in which the com-
pounds can penetrate and disrupt the cell membrane easily
(Roberts et al., 2010). Literally, thiourea is frequently used
through biological and medicinal ﬁeld (Saeed et al., 2013) as
drugs for central nervous system activity (Stefanska et al.,
2012), anticancer agents (Lv et al., 2010) and also as antiviral
activity (Ku¨c¸u¨kgu¨zel et al., 2008).
To date, to the best of our knowledge, the idea and work on
manipulating alkoxy-thiourea derivatives as antiamoebic can-
didate has never been carried out and reported beyond our
research team. Therefore, this work involves the combination
of multiple approaches namely synthesis, characterization,
data analysis as well as the evaluation of alkoxy-thiourea
derivatives towards Acanthamoeba sp. by investigating their
IC50 values and membrane permeability. The so-called active
materials as antiamoebic materials featuring alkoxy-thiourea
derivatives were synthesized and studied by typical chemical
analyses such as Infrared Spectroscopy (IR), 1H and 13C
Nuclear Magnetic Resonance (NMR) and UV–Visible
Spectrophotometric analysis.
2. Experimental
2.1. Materials and general methodology
All reactions were carried out under ambient atmosphere with-
out special precautions were taken to exclude air or moisture
during work-up. All chemicals used were purchased from var-
ious standard suppliers (Sigma–Aldrich, Merck, Becton &
Dickinson, Fisher Scientiﬁc, and R & M Chemicals) and used
as received without further puriﬁcation. Infrared (IR) spectra
of all synthesized compounds were recorded from KBr pellets
using Fourier Transform Infrared (FT-IR) Perkin Elmer 100
Spectrophotometer in the spectral range 4000–400 cm1 and
CHNS elemental analysis were carried out by CHNS
Flashea 1112 series. For Nuclear Magnetic Resonance
(NMR) spectra, 1H (400.11 MHz) and 13C (100.61 MHz) were
recorded using Bruker Avance III 400 spectrometer in CDCl3
as solvent and internal standard in range between dH 0–15 ppm
and dC 0–200 ppm respectively. Meanwhile, UV–visible analy-
sis spectra of all compounds were recorded by Shimadzu UV–
vis 1601 series in methanolic solution with concentration
1 · 105 M.
2.2. Synthesis of N-alkoxyphenyl-N0-(4-methoxybenzoyl)thiourea
Alkoxy thiourea derivatives (3a–3e) were successfully synthe-
sized from three continuous step reactions which started with
the formation of precursors (1a–1e). In turn, the intermediates
(2a–2e) were obtained which then were reacted with 4-
methoxybenzoyl isothiocyanate to afford the targeted deriva-
tives (3a–3e). These precursors (1a–1e) and intermediatesPlease cite this article in press as: Khairul, W.M. et al., Cytotoxicity eﬀects of alkoxy
Chemistry (2015), http://dx.doi.org/10.1016/j.arabjc.2015.05.011(2a–2e) have been reported in previous occasions (Adli et al.,
2012). Therefore, for this contribution, all characterized of
3a–3e were fully reported and discussed. Scheme 1 shows the
synthetic approach applied throughout this study.
2.2.1. Synthesis of N-(4-(alkoxyphenyl)acetamide (1a–1e)
The synthesis of N-(4-(alkoxyphenyl)acetamide (1a–1e) was
obtained via Williamson ether synthesis. 4-hydroxy acetani-
lide, alkyl bromide, and potassium carbonate were put at
reﬂux with constant stirring in 100 ml acetone for ca. 48 h.
After the reaction was adjudged completion by using TLC
(hexane: CH2Cl2:2:3), the reaction mixture was cooled to room
temperature and taken to dryness to give a white precipitate
which then was put at reﬂux with 2% NaOH for ca. 1 h to
afford 1a–1e as white solid.
2.2.2. Synthesis of N-(4-(alkoxyphenyl)aniline (2a–2e)
The white solid of 1a–1e was reacted with ethanol and concen-
trated hydrochloric acid (50 ml: 50 ml) and reﬂux for ca. 2 h to
give solution of 4-alkoxyaniline hydrochloride. The solution
was left to cool at room temperature before washing with
water: CH2Cl2 (150 ml: 150 ml). After separation of the
organic layer and dried over CaCl2 was carried out, the solvent
was removed in vacuo to give an off-white crystalline solid of
2a–2e.
2.2.3. Synthesis of N-alkoxyphenyl-N0-(4-methoxybenzoyl)-
thiourea (3a–3e)
A solution of 4-methoxybenzoyl chloride in 60 ml acetone was
added with ammonium thiocyanate in 60 ml acetone and was
put on reﬂux with constant stirring for ca. 2 h before 4-
alkoxyaniline (2a–2e) were added. After reﬂuxing and stirring
for another ca. 4 h, the solution turned to white milky solution.
When adjudged completion by using TLC (hexane: CH2Cl2:
2:3), the reaction mixture was cooled to room temperature.
The milky ﬁltrate was added with ice cubes and then ﬁltered
to obtain white precipitate which was then recrystallized from
hot methanol to afford a white cotton-like form of the tittle
compounds (3a–3e). Table 1 shows physical properties data
of thiourea derivatives.2.3. Cytotoxicity test of alkoxy thiourea derivatives towards
Acanthamoeba sp.
The selected amoeba species used in this study was
Acanthamoeba sp. Various concentrations of 3a–3e (0.73–
22.5 lg/ml), amoeba suspension, DMSO, and cultured media
were prepared and ﬁlled into well-plates. The Acanthamoeba
treatment was incubated for 72 h at 30 C and eosin dye stain-
ing was carried out on Acanthamoeba cells to determine the
viable cells of the amoeba. Meanwhile, AOPI (Acridine-
orange/Propidium iodide, 1:1) staining was used to examine
the membrane permeability of amoeba cells. The membrane
permeability of the Acanthamoeba sp was observed through
the changes of the cells’ colour and their biological activity
was determined.
2.3.1. Determination of IC50
The test was carried out in 24 well-plates containing 104 amoe-
bas cells/well in PYG medium. The cells were treated withsubstituted thiourea derivatives towards Acanthamoeba sp.. Arabian Journal of
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Scheme 1 The general outline for synthesis of alkoxy thiourea derivatives (3a–3e).
Table 1 Physical properties and analytical data of synthesized
thiourea compounds.
Thiourea
derivatives
Melting point
(C)
Yields
(%)
Physical
appearances
3a 120.1–120.9 31 Pale white
crystalline solid
3b 118.2–119.2 43 White cotton-like
solid
3c 118.3–118.9 48 White cotton-like
solid
3d 117.3–117.9 45 White cotton-like
solid
3e 118.5–119.9 58 White cotton-like
solid
Cytotoxicity effects of alkoxy substituted thiourea derivatives 3alkoxy thiourea derivatives (3a–3e) with difference in concen-
tration (0.703, 1.407, 2.813, 5.625, 11.25, and 22.5 lg/ml) from
twofold dilution series. The viable cells after the cytotoxicity
test were determined by using eosin dye method as reported
by the previous literature (Wright et al., 1988). The amount
of eosin dye release corresponds to the number of viable cells.Please cite this article in press as: Khairul, W.M. et al., Cytotoxicity eﬀects of alkoxy
Chemistry (2015), http://dx.doi.org/10.1016/j.arabjc.2015.05.011The absorbance was measured at 490 nm by ELISA plate
reader. Cytotoxicity study was expressed as 50% cytotoxic
dose (IC50).
2.3.2. Determination of cells membrane permeability
The amoeba was added into a centrifuge tube and undergoes
centrifugation at 3000 rpm for 15 min. The treated amoeba
suspensions exposed at IC50 values of the compounds were
incubated for 72 h at 30 C. The supernatant was then dis-
carded and the pellets were resuspended in 200 lL of AOPI
(Acridine-orange/Propidium iodide, 1:1). The cell suspensions
were then placed onto slides and observed under ﬂuorescence
microscopy. This type of AOPI staining protocol followed
the technique by (Mascotti et al., 2000).
3. Results and discussion
3.1. Spectroscopic studies
Infrared (IR) spectra of acetamide precursors (1a–1e) show
ﬁve absorption bands of interest namely m(NAH), m(CAH),substituted thiourea derivatives towards Acanthamoeba sp.. Arabian Journal of
Table 2 1H NMR data of all thiourea derivatives compounds 3a–3e.
Compounds Moiety Chemical Shift, dH (ppm)
3a (t, 3JHH = 7 Hz, 3H, CH3) 0.95
(m, 6H, 3 · CH2) 1.35–1.52
(m, 2H, CH2) 1.77–1.84
(s, 3H, CH3) 3.91
(t, 3JHH = 7 Hz, 2H, CH2) 4.00
(pseudo-d, 3JHH = 7 Hz, 2H, C6H4) 6.97
(pseudo-d, 3JHH = 9 Hz, 2H, C6H4) 7.05
(pseudo-d, 3JHH = 9 Hz, 2H, C6H4) 7.59
(pseudo-d, 3JHH = 9 Hz, 2H, C6H4) 7.90
(s, 1H, NH of C‚O) 9.07
(s, 1H, NH of C‚S) 12.49
3b (t, 3JHH = 6 Hz, 3H, CH3) 0.94
(m, 6H, 3 · CH2) 1.34–1.52
(m, 2H, CH2) 1.78–1.85
(s, 3H, CH3) 3.92
(t, 3JHH = 7 Hz, 2H, CH2) 4.00
(pseudo-d, 3JHH = 9 Hz, 2H, C6H4) 6.97
(pseudo-d, 3JHH = 9 Hz, 2H, C6H4) 7.05
(pseudo-d, 3JHH = 7 Hz, 2H, C6H4) 7.59
(pseudo-d, 3JHH = 7 Hz, 2H, C6H4) 7.91
(s, 1H, NH of C‚O) 9.06
(s, 1H, NH of C‚S) 12.49
3c (t, 3JHH = 7 Hz, 3H, CH3) 0.93
(m, 6H, 3 · CH2) 1.35–1.50
(m, 2H, CH2) 1.77–1.84
(s, 3H, CH3) 3.92
(t, 3JHH = 6 Hz, 2H, CH2) 4.00
(pseudo-d, 3JHH = 9 Hz, 2H, C6H4) 6.96
(pseudo-d, 3JHH = 9 Hz, 2H, C6H4) 7.04
(pseudo-d, 3JHH = 9 Hz, 2H, C6H4) 7.59
(pseudo-d, 3JHH = 9 Hz, 2H, C6H4) 7.90
(s, 1H, NH of C‚O) 9.06
(s, 1H, NH of C‚S) 12.49
3d (t, 3JHH = 7 Hz, 3H, CH3) 0.93
(m, 6H, 3 · CH2) 1.44–1.49
(m, 2H, CH2) 1.77–1.84
(s, 3H, CH3) 3.92
(t, 3JHH = 7 Hz, 2H, CH2) 4.00
(pseudo-d, 3JHH = 9 Hz, 2H, C6H4) 6.96
(pseudo-d, 3JHH = 9 Hz, 2H, C6H4) 7.04
(pseudo-d, 3JHH = 9 Hz, 2H, C6H4) 7.58
(pseudo-d, 3JHH = 9 Hz, 2H, C6H4) 7.90
(s, 1H, NH of C‚O) 9.05
(s, 1H, NH of C‚S) 12.49
3e (t, 3JHH = 7 Hz, 3H, CH3) 0.93
(m, 6H, 3 · CH2) 1.35–1.52
(m, 2H, CH2) 1.77–1.84
(s, 3H, CH3) 3.92
(t, 3JHH = 7 Hz, 2H, CH2) 4.01
(pseudo-d, 3JHH = 9 Hz, 2H, C6H4) 6.96
(pseudo-d, 3JHH = 9 Hz, 2H, C6H4) 7.05
(pseudo-d, 3JHH = 9 Hz, 2H, C6H4) 7.59
(pseudo-d, 3JHH = 9 Hz, 2H, C6H4) 7.90
(s, 1H, NH of C‚O) 9.05
(s, 1H, NH of C‚S) 12.49
4 W.M. Khairul et al.m(C‚O), m(CAN), and m(CAO), ranging from weak to strong
intensities. The absorption bands for secondary amide
m(NAH) stretching were observed and located in the rangePlease cite this article in press as: Khairul, W.M. et al., Cytotoxicity eﬀects of alkoxy
Chemistry (2015), http://dx.doi.org/10.1016/j.arabjc.2015.05.011of 3324–3283 cm1. Meanwhile, the absorption band for
C‚O amide was observed from 1660 cm1 to 1655 cm1
which is consistent with the previous work reportedsubstituted thiourea derivatives towards Acanthamoeba sp.. Arabian Journal of
Table 3 13C NMR data of all thiourea derivatives compounds
3a–3e.
Compounds Moiety Chemical Shift, dc (ppm)
3a (CH3) 14.0
(4 · CH2) 22.6, 25,7, 29.2, 31.6
(CH3AO) 55.7
(CH2AO) 68.3
(8 · C6H4) 114.5, 114.6, 123.6, 125.8, 129.7,
130.5, 157.9, 164.0
(C‚O) 166.3
(C‚S) 178.8
3b (CH3) 14.1
(5 · CH2) 22.6, 26.0, 29.0, 29.3, 31.8
(CH3AO) 55.6
(CH2AO) 68.3
(8 · C6H4) 114.5, 114.7, 123.6, 125.8, 129.7,
130.5, 157.9, 164.0
(C‚O) 166.3
(C‚S) 178.8
3c (CH3) 14.1
(5 · CH2) 22.7, 26.0, 29.2, 29.4, 31.8
(CH3AO) 55.6
(CH2AO) 68.3
(8 · C6H4) 114.5, 114.6, 123.6, 125.8, 129.7,
130.5, 157.9, 164.0
(C‚O) 166.3
(C‚S) 178.8
3d (CH3) 14.1
(7 · CH2) 22.7, 26.0, 29.3, 29.4, 29.5, 29.7, 31.9
(CH3AO) 55.6
(CH2AO) 68.3
(12 · C6H4) 113.9, 114.5, 114.6, 114.9, 122.0,
123.6, 125.8, 128.8, 129.7, 130.4,
157.9, 164.0
(C‚O) 166.3
(C‚S) 178.8
3e (CH3) 14.1
(8 · CH2) 22.7, 26.0, 29.2, 29.3, 29.4, 29.5, 29.6,
31.9
(CH3AO) 55.6
(CH2AO) 68.3
(8 · C6H4) 114.5, 114.7, 123.6, 125.8, 129.7,
130.5, 157.9, 164.0
(C‚O) 166.3
(C‚S) 178.8
Table 4 IC50 values of thiourea derivatives towards Acan-
thamoeba sp.
Thiourea derivatives IC50 (lM)
3a 6.40
3b 5.26
3c 10.22
3d 13.38
3e 9.12
*Reference drug: Chlorhexidine (IC50: 0.45 lM). (a) (b) 
Figure 1 Fluorescence microscopy of Acanthamoeba sp. (HKL
isolate) after AOPI staining (a) negative control cells stained with
AOPI dyes display green ﬂuorescence, (b) positive control cells
treated with chlorhexidine (commercial drug) and stained with
AOPI dyes display orange ﬂuorescence.
Cytotoxicity effects of alkoxy substituted thiourea derivatives 5(Rahamathullah et al., 2013; Khairul et al., 2013). The spectra
observed of 1a–1e exhibit quite similar absorption bands with
the presence of functional groups of interest namely m(CAH),
m(C‚O), m(CAN) and m(CAO). Infrared spectra of anilinePlease cite this article in press as: Khairul, W.M. et al., Cytotoxicity eﬀects of alkoxy
Chemistry (2015), http://dx.doi.org/10.1016/j.arabjc.2015.05.011compounds (2a–2e) show four major distinctive bands of
m(NAH), m(CAH), m(CAN), and m(CAO). This result can be
an ideal evidence for the elimination of C‚O functional group
from acetamide derivatives to aniline derivatives. Strong
absorption band of NAH at 3400 cm1 is due to the intra-
molecular hydrogen bonding (Moraes et al., 2004; Zhang
et al., 2006). The CAH alkane stretching, strong absorption
bands of CAN and CAO for these compounds are observed
in range of 2933–2912 cm1, 1301–1299 cm1, and 1175–
1169 cm1 respectively (Zhang et al., 2006; Catalado and
Maltese, 2002). For the target compounds of 3a–3e, they
showed six absorption bands of interest namely m(NAH),
m(CAH), m(C‚O), m(CAO), and m(C‚S). As a focal point
compounds in this study, IR spectra for these compounds dis-
play the appearance of m(C‚O), m(CAO), and m(C‚S) group
which are pointed on the region of 1672–1664 cm1, 1300–
1000 cm1 and 761–743 cm1. The presence of C‚S moiety
in these compounds proven to be they are indeed thiourea
derivatives.
For 1H NMR spectra of compounds 3a–3e, they showed
methyl as a triplet resonance in the range of dH 0.93–
0.95 ppm. In addition, protons for alkoxy groups were
observed in range dH 1.30–1.85 ppm. The chemical shifts of
moiety R-OCH2 in all compounds were detected at dH
4.00 ppm as triplet resonances. Aromatic protons of 3a–3e
were observed in range of dH 6.96–7.91 ppm as pseudo-
doublet of AB system in phenyl rings which were strongly
inﬂuenced by the position of para substitution on the phenyl
rings (Khairul et al., 2013; Yusof et al., 2010). In addition, pro-
tons for NAH of compounds 3a–3e were observed as singlet
resonances observed in range of dH 9.05–9.05 ppm for NAH
at C‚O moiety and dH 12.49 ppm for NAH at C‚S moiety.
Table 2 depicts the summary data of 1H NMR of all thiourea
derivatives of 3a–3e.
In fact, for 13C NMR spectra of 3a–3e, they showed reso-
nances of methyl group which were observed in range of dC
14.0–14.1 ppm whilst carbon resonances for alkoxy groups of
all compounds are located at dC 22.6–31.9 ppm.
Furthermore, the chemical shift for ACH2AO group is indi-
cated around dC 55.8 ppm due to the effect of electron with-
drawing group which is oxygen that was able to withdraw
certain amounts of electrons from the carbon of alkyl chains
(Zhou et al., 2004). In the meantime, resonances of carbonsubstituted thiourea derivatives towards Acanthamoeba sp.. Arabian Journal of
(a) (b) 
Figure 2 Fluorescence microscopy of Acanthamoeba sp. (HKL
isolate) (a) Amoeba stained with AOPI after 72 h exposure to 3a
(b) Amoeba stained with AOPI after 72 h exposure to 3b.
6 W.M. Khairul et al.for aromatic rings can be seen in range dC 113.9–164.0 ppm.
Two carbon resonances that are observed at dC 165.83–
168.54 ppm and 178.38 ppm corresponded to carbon of
C‚O and C‚S for thiourea compounds which were slightly
deshielded to higher chemical shift due to intra-molecular of
hydrogen bonding of all thiourea compounds and electroneg-
ativity attributed by oxygen and sulphur atoms (Hearn et al.,
2006). The 13C NMR data for 3a–3e are shown in Table 3.
Electronic absorption spectra of 3a–3e were recorded in
methanolic solution in 1 cm3 cuvette with concentration
1 · 104 M. The transition of ArAOCH3 and the existence of
C‚O and C‚S bands can be observed. The absorption bands
for C‚O and C‚S chromophores in thiourea derivatives (3a–
3e) can be indicated at kmax in range of 283–300 nm. Therefore,
it can be assigned as pﬁ p* and nﬁ p* overshadowed transi-
tions and attributed from C‚O and C‚S with broad wave-
length around 300 nm. For pﬁ p* transition around 217 nm,
the band may be due to ArAOMe and also ArAOAR group
that affected the hypsochromic shift of phenyl ring. The pres-
ence of ‘shoulder peak’ explained the effect of extended p-
conjugation from aromatic rings of 3a–3e.
3.2. Cytotoxicity study of N-(4-(alkoxy)phenyl)-N0-(4-
methoxybenzoyl)thiourea (3a–3e) on Acanthamoeba sp. (HKL
isolate)
Compound concentration that inhibits 50% Acanthamoeba
cell population was observed to be in range between 5.26
and 13.38 lM in concentration. The percentage of inhibition
of amoeba population for all compounds was found to be(a) (b) 
Figure 3 Fluorescence microscopy of Acanthamoeba sp. (HKL
isolate) (a) Amoeba stained with AOPI after 72 h exposure to 3c
(b) Amoeba stained with AOPI after 72 h exposure to 3d.
Please cite this article in press as: Khairul, W.M. et al., Cytotoxicity eﬀects of alkoxy
Chemistry (2015), http://dx.doi.org/10.1016/j.arabjc.2015.05.011increased with increasing compound concentration. Table 4
shows the IC50 values of 3a–3e against Acanthamoeba sp.
(HKL isolate).
The differences in IC50 values may be due to the length
effect of alkoxy chains in all thiourea compounds. The length
of carbon chain in 3c–3e is longer than in 3a and 3b. Thus, the
higher concentration of compounds is needed to inhibit the
growth of amoeba. The longer the alkoxy chain, the higher
the molecular weight of compounds that cause difﬁculty for
compounds to pass through cell membranes of amoeba.
3.3. Membrane permeability study of 3a–3e on Acanthamoeba
sp.
The permeability study in cells of Acanthamoeba sp. after 72 h
exposure to the IC50 values of 3a–3e, was determined using the
combination of acridine orange (AO) and propidium iodide
(PI) stains. The changes on the integrity of intact plasma mem-
brane were observed under a ﬂuorescence microscope which
can differentiate between the viable and non-viable cells. The
cells that were stained green to indicate their membrane were
intact, whereas cells that were stained orange or stained green
with the granules in the cells stained red or orange to indicate
their membrane were not intact so the dyes can penetrate the
cells (Darzynkiewicz et al., 1992).
The negative control or untreated of Acanthamoeba sp. was
stained green displayed the characteristic of the round shape of
cell morphology as shown in Fig. 1. The observed green ﬂuo-
rescent nuclei observed indicated the interaction of AO stain
with healthy DNA in the nucleus. This is due to AO stain
binds with DNA structure by intercalation inside the double
helix strands and gives the observed green observed ﬂuores-
cence. For the positive control of Acanthamoeba sp. which
were treated with chlorhexidine (commercial drug), the forma-
tion of stained orange displayed the damage of the cell walls of
Acanthamoeba sp. and indicated the PI stains binds insides the
leakage of the cells.
After treatment with IC50 of 3a–3e, Acanthamoeba sp.
showed damage on the membrane. From Figs. 2–4, orange
stained amoebae cells indicated the leakage of plasma mem-
brane resulting from the uptake of PI stain into cells. Most
treated amoeba cells with 3a–3e displayed the orange ﬂuores-
cence nucleus when observed to indicate the permeability ofFigure 4 Fluorescence microscopy of Acanthamoeba sp. (HKL
isolate). (a) Amoeba stained with AOPI after 72 h exposure to 3e.
substituted thiourea derivatives towards Acanthamoeba sp.. Arabian Journal of
Cytotoxicity effects of alkoxy substituted thiourea derivatives 7the cell membrane was damaged; thus, the nucleus was
observed as orange in colour.
4. Conclusion
New derivatives of thiourea compounds featuring N-
alkoxyphenyl-N’-(4-methoxybenzoyl) thiourea (3a–3e) have
been successfully designed, prepared, and characterized to
act as potential materials for application as an anti-amoebic
agents. The compounds were spectroscopically characterized
via FT-IR, UV–vis, and NMR for both 1H and 13C. Based
on biological studies, compounds 3a and 3b exhibit to give
higher activity compared to 3c–3e. In conclusion, throughout
this study, these new class of thiourea derivatives have an abil-
ity to change the membrane integrity of Acanthamoeba sp. as
well as can inhibit the growth of amoeba. Thus, it is proven
that this type of molecular framework featuring thiourea moi-
ety can act ideally as anti-amoebic agents with an utmost
performance.
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